A grit like nanostructure of MgO was prepared in a medium of mulberry leaves extract and characterized on the basis of field emission scanning electronic microscopy (FE-SEM), X-ray diffraction (XRD), and energy dispersive X-ray (EDX) analysis. It was found to be an efficient catalyst for one-pot synthesis of 4H-pyrans from the reaction of malononitrile and α,α′-bis(substituted-benzylidene) cycloalkanones in good to high yields.
Introduction
4H-pyran derivatives have emerged as an important category of heterocyclic compounds due to their pharmacological activities and biological properties such as antimicrobial [1] , antiinflammatory [2] , anticancer (administered alone or can be combined with chemo and radiotherapy) [3, 4] cytotoxic [5] , anti HIV [6] , etc. Therefore, they have significant roles in biochemical preparations, consisting of a selective inhibitor of excitatory amino acid transporter subtype 1 [7] and IKCa channel blockers [8] . Furthermore, 2-amino-4H-pyrans are the key intermediates for the preparation of not easily accessible heterocycles [9] . Due to this wide range of applications, several attempts have been devoted to the synthesis of these compounds [10] [11] [12] [13] [14] [15] . However, the focus of this study is the condensation reaction of α,α′-bis (substituted-benzylidene) cycloalkanones with malononitrile and to the best of our knowledge, heterogeneous catalytic syntheses of these types of compounds have rarely been reported [16] [17] [18] [19] [20] . As heterogeneous catalysts have received considerable attention from both economic and industrial points of view, they have found great desire to be applied and investigated more than homogeneous catalysts. Among them, nanoparticles of metal oxides like MgO nanostructures are good choices to be studied as heterogeneous catalysts. High surface area and low coordinating sites, which lead to high catalytic activity, and also high atom efficiency, easy work up, convenient product purification and recyclability of the catalyst from the reaction mixture make them more interesting and economically valuable. In continuation of our work [21] [22] [23] , we are going to introduce MgO grit like nanostructures as basic heterogeneous catalysts that are applied both for preparation of 4H-pyrans and α,α′-bis (substituted-benzylidene) cycloalkanone derivatives, beside the other reported applications [24, 25] , via a green biosynthesis method as an environmentally friendly and green catalyst (Schemes 1 and 2).
Materials and methods

Materials and equipment
All reagents were purchased from Merck (Germany) and Aldrich (USA) and used without further purification. All products were characterized by a comparison of their spectral ( 1 H nuclear magnetic resonance [NMR] , and 13 C NMR) data. IR spectra were recorded on a galaxy series FT-IR 5000 spectrometer (China) in KBr pellet. The powder X-ray diffraction (XRD) patterns were measured with D8 Advance, Bruker (Germany), AXS diffractometer using Cu-Kα irradiation. Field emission scanning electronic microscopy (FE-SEM) coupled with energy dispersive analysis X-ray (EDAX) was taken by a Hitachi S-4160 photograph (Japan) to examine the shape and metallic composition of the samples. The NMR spectra were recorded on a Bruker Advance DPX 400 MHz instrument (Germany). The spectra were measured in DMSO-d 6 relative to Tetramethylsilane (TMS) (0.00 ppm). Thin layer chromatography (TLC) was performed on silica gel Polygram SIL G/UV 254 plates (USA).
Preparation of MgO nanostructures
In the first step, 20 g of grinded mulberry leaves were placed in a 250 balloon flask containing 50 ml of ethanol and 150 ml of deionized water. After refluxing the reaction mixture for 4 h, the extract was filtered to cut off the solid parts. Then, two different solutions were prepared separately. For Solution A, mulberry leaves extract (50 ml) and n-hexane (100 ml) were added to a solution of MgCl 2 (50 mmol) in 100 ml of water. Solution B was a solution of ethanolamine (150 mmol) in 50 ml of mulberry leaves extract. Solution B was poured slowly and dropwise into solution A under vigorous magnetic stirring and the final precipitate was filtered, washed with water many times, dried and calcinated at 500°C for 2 h.
General procedure for preparation of α,α′-bis(substituted benzylidene) cycloalkanones
A mixture of cycloalkanones (1 mmol), aldehydes (2 mmol) and MgO (0.25 mmol) were magnetically stirred at 80°C in the absence of the solvent. After completion of the reaction, as followed by TLC, the crude product was recrystallized in the presence of ethanol and water to obtain the pure product.
General procedure for preparation of 4H-pyran derivatives
A mixture of α,α′-bis(substituted benzylidene) cycloalkanones (1 mmol), malononitrile (1.5 mmol), MgO (25 mol%) and ethanol (5 ml) was stirred magnetically under reflux conditions for appropriate time as mentioned in Table 3 . After completion of the reaction as monitored by TLC, the reaction mixture was cooled to room temperature and water (10 ml) was added. The obtained solid product was filtered and dried. After solving the crude product in N,N-dimethylformamide (DMF) to separate the heterogeneous catalyst and evaporating the solvent, the product was recrystallized from ethanol to yield the pure product. 
General procedure for recycling MgO nanostructures
In order to obtain the recycled catalyst after completion of the reaction in each step, DMF was added to the reaction mixture in proper amounts and the crude product was solved in DMF and after filtration, the heterogeneous catalyst was separated and washed with DMF for the second time, dried and washed with ethanol many times and dried in the oven. 
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Results and discussion
MgO grit like nanostructures were synthesized via a convenient and green method in mulberry leaves extract and using MgCl 2 as starting materials in the presence of ethanolamine as a precipitating agent. The successful growth of MgO nanoparticles was first verified by a combination of FE-SEM, energy dispersive X-ray (EDX) analysis and XRD. The XRD analysis of MgO grit like nanostructures is shown in Figure 1 The elemental analysis of MgO nanostructures, which is exposed by EDX analysis, is shown in Figure 3 . The results showed that the compound includes two elements, oxygen and magnesium, with no other elemental impurities present in the prepared MgO nanoparticles.
Initially the catalytic preparation of 2,6-dibenzylidenecyclopentanone over MgO grit like nanostructures was selected as an investigating reaction model by the reaction of benzaldehyde and cyclopentanone in solvent free conditions. A variety of solvents including EtOH, H 2 O, CH 2 Cl 2 , DMSO, n-hexane and CH 3 CN, as well as solventfree conditions, were examined in the 4H-pyrans synthesis step and the results are summarized in Table 1 . As the results showed, nonpolar, polar aprotic solvents and also solvent-free conditions did not form any products ( Entries 9 and 10) . The reaction was also examined at room temperature, but no yield was obtained after 24 h (Table 1, Entry 12) .
Using the optimized reaction conditions in hand, solvent free media at 80°C and MgO (25 mol%), a variety of 2,6-diarylidenecyclopentanoes derivatives (Scheme 1) were synthesized and the results are summarized in Table 2 . The replacement of cyclopentanone with cyclohexanone and their derivatives were also studied. The results showed good reactivity and provided the products in high yields (Table 2, Entries 7-13).
In continuation of this study, the prepared α,α′-bis(substituted-benzylidene) cycloalkanone derivatives (Table 2) were used as starting materials for synthesis of 4H-pyran derivatives using the optimized conditions as, ethanol (5 ml), over MgO (25 mol%) and the temperature was fixed at 80°C (Scheme 2). The results are summarized in Table 3 . A variety of α,α′-bis(substituted-benzylidene) cycloalkanone derivatives with ortho, meta and para substitutions on the benzene ring were examined. Nitro and halogen substitutions were tolerated very well and gave excellent yields in shorter reaction times than those of methyl and methoxy, groups (Table 3) . 3,5-Diarylidene-1-methylpiperidin-4-one is also applicable in the reaction and gave good yield (Table 3 , Entries 15-17). All products were isolated and purified and the heterogeneous catalyst was easily remained on the filter paper, which was washed with DMF. IR, 1 H NMR and 13 C NMR spectroscopy experiments were used for better characterization of products.
A comparison of MgO nanostructures with commercial available MgO was carried to evaluate the catalytic activity of the prepared MgO nanostructures. The results revealed that lower yields were obtained and longer times were consumed (35% in 6 h for benzaldehyde derivatives), in which the high efficiency of the catalyst was confirmed and also, it underlined the effect of the particle size of the catalyst on the reaction process.
The recovery and reusability of the catalyst are very important for commercial and industrial applications as well as green process considerations. Thus, the recovery and reusability of catalyst (0.25 mmol) was investigated in the reaction of the 3-nitro derivate of the bis-benzylidenecyclopentanone (1 mmol) with malononitrile (1 mmol) under reflux conditions for 4 h at 80°C. The catalyst reusability investigation confirmed that MgO nanostructures could be recycled for four times without any significant loss in structure and efficiency. The results are shown in Figures 4  and 5 . In order to compare the structures of the fresh and used MgO nanostructures, the FT-IR spectra of both catalysts were obtained, which revealed that the catalyst can be recycled efficiently from the reaction mixture and no specific change occurred in the MgO nanoparticles structure.
Conclusion
In conclusion, we synthesized a series of α,α′-bis(substituted-benzylidene) cycloalkanone derivatives and their related 4H-pyrans; both processes were catalyzed by MgO grit like nanostructures that were prepared by MgCl 2 and ethanolamine in the green medium of mulberry leaves extract. The main advantage of this work is that the same catalyst is used for both steps of the process, first in easy working solvent free conditions with almost short times and high yields and for the second step, reflux conditions were used with good to high yields.
